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( , I ) :
$L$ . $X_{i}$
, ( ) $p_{0}$ , $\prime I_{0}(1+c_{T}X_{1}’ L)$
. $c_{T}(>0)$ .
( ) .
( , II ) : I $p_{0}$ ,
To, $(U_{0},0,0)$ - ,
( ) .






3. $|c_{T}|\ll 1,$ $|U_{0}/(2kT_{0}/m)^{1/2}|\ll 1$ , $p_{0}$ ,
. $k$ Boltzmann , $m$ .
.
$X_{i}$ $Lx_{i}$ , $(2kT_{0}/m)^{1\prime 2}\zeta_{i}$ , I, II
$\rho_{0}(2kT_{0}/m)^{-3/2}(1+c_{T}\phi^{I})E(\zeta),$ $\rho_{0}(2kT_{0}/m)^{-3/2}(1+u_{0}\phi^{II})E(\zeta)$ .
$\rho_{0}=p_{0}/(k/m)T_{0},$ $u_{0}=U_{0}’(2kT_{0}/m)^{1/2},$ $E(\zeta)=\pi^{-3/2}\exp(-|\zeta|^{2})$ .
$\ell_{0}$ , Knudsen Kn $=\ell_{0}/L$ , 2
:
I( ) :
$\zeta_{i}\frac{\partial\phi^{I}}{\partial x_{i}}=\frac{2}{\sqrt{\pi}}\frac{l}{Kn}\mathcal{L}(\phi^{I})$ , (la)
$\phi^{I}=\int_{\zeta_{n}^{*}<0}\frac{|\zeta_{n}^{*}|E^{*}}{|\zeta_{n}|E}R(\zeta^{*},\zeta;x)\phi^{I*}d\zeta^{*}$ for $(_{n}>0,$ $|x|=1,$ (lb)
$\phi^{I}arrow h^{I}\equiv(|\zeta|^{2}-\frac{5}{2})x_{1}-\frac{\sqrt{\pi}}{2}$Kn $\zeta_{1}A(|\zeta|)$ as $|x|arrow\infty$ . (lc)
II ( ) :
$\zeta_{i}\frac{\partial\phi^{II}}{\partial x_{i}}=\frac{2}{\sqrt{\pi}}\frac{l}{Kn}\mathcal{L}(\phi^{II})$ , (2a)
$\phi^{II}=\int_{\zeta_{1}^{*}<0}\frac{|\zeta_{n}^{*}|E^{*}}{|\zeta_{n}|E}R(\zeta^{*},\zeta;x)\phi^{II*}d\zeta^{*}$ for $\zeta_{\eta}>0,$ $|x|=1$ , (2b)
$\phi^{II}arrow h^{II}\equiv 2\zeta_{1}$ as $|x|arrow\infty$ . (2c)
$\zeta_{n}=\zeta_{i}n_{i},$ $n_{i}$ $x$ ( ) , $\mathcal{L}$
, $R$ . , $A(|\zeta|)$
:
$\mathcal{L}(\zeta_{i}A)=-\zeta_{i}(|\zeta|^{2}-\frac{5}{2})$ : $\int_{0}^{\infty}z^{4}A(z)\exp(-z^{2})dz=0$ .




[1] , , , .
, 7( 3)
. [1]
, (14) , ,
( I) ( II) .
[1] (14) $\phi^{I}$ $\phi^{I1}$ ,
$7’ arrow\infty 1in1\int_{|x|=r}\langle\zeta_{n}h^{II}(x, -\zeta)[\phi^{I}(x, \zeta)-\frac{1}{2}h^{I}(x, \zeta)]\}dS$
$= \lim_{rarrow\infty}\int_{|x|=r}\langle\zeta_{n}h^{I}(x, -\zeta)[\phi^{II}(x, \zeta)-\frac{1}{2}h^{I1}(x, \zeta)]\}dS$ , (3)
. $dS$ $x$ , $\langle\rangle$
$\langle f\}=\int fE(\zeta)d\zeta$ (4)
. I II
.
, $h^{I},$ $h^{II}$ , (3)
$- \lim_{rarrow\infty}\int_{|x|=r}\langle 2\zeta_{1}\zeta_{n}\phi^{I}(x, \zeta)\}dS$
$= \lim_{rarrow\infty}\int_{|x|=r}$
$(x_{1}Q_{n}^{I1}(x, \zeta)+\frac{\sqrt{\pi}}{2}$ Kn $\langle\zeta_{1}\zeta_{n}A(\zeta)\phi^{I1}(x, \zeta)\rangle)dS$ , (5)
. $Q_{n}^{II}=Q_{i}^{I1}n_{i}= \langle\zeta_{i}(|\zeta|^{2}-\frac{5}{2})\phi^{II}\}n_{i}$ , $p_{0}(2kT_{0}/m)^{3/2}u_{0}Q_{i}^{II}$ $F$
II . Boltzmann
$(\partial_{i}\langle\zeta_{i}\zeta_{j}\phi^{I}\}=0 ;\partial_{i}=\partial/\partial x_{i})$ , Gauss
$\int_{x|=1}\langle 2\zeta_{1}\zeta_{n}\phi^{I}(x, \zeta)\}dS$ . I
$p_{0}L^{2}c_{T}(F^{I}, 0,0)$ $F^{I}=- \int_{|x|=1}\langle 2\zeta_{1}\zeta_{n}\phi^{I}(x, \zeta)\}dS$ , ,




) . $(0< Kn<\infty)$
. I II
. (6) , 15
, (6) .
$($Kn $\ll 1)$ [4, 5, 6] .
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Hilbert $\zeta$ , Stokes
( , , ) :
$\partial_{i}^{p_{H0}}=0$ , (7a)
$\partial_{i}u_{iH0}=0$ , (7b)
$\partial_{i}^{p_{Hnz+1}=\gamma_{1}}\triangle u_{iHm}$ , (7c)
$\triangle\tau_{Hm}=0$ . (7d)
$m=0,1,2,$ . . . , $\partial_{i}=\partial/\partial x_{i},$ $\triangle$ Laplacian, $p_{0}(1+P)$ , $T_{0}(1+\tau)$
, $(2RT_{C})^{1/2}u_{i}$ . $\gamma_{1}$ .
( ) . Stokes (7)
$B$ . , Knudsen ,
Hilbert ,
Knudsen . , Stokes
(7) $B$ ,
$\epsilon$ 2 .




$H0^{-}$ $A(|\zeta|)\partial_{i}\tau_{H0}$ , (8b)
$\phi_{H2}=P_{H2}+2\zeta_{i}u_{iH2}+(|\zeta|^{2}-\frac{5}{2})\tau_{H2}-\zeta_{i}\zeta_{j}B(|\zeta|)\partial_{j}u_{iH1}-\zeta_{i}A(|\zeta|)\partial_{i}\tau_{H1}$
$+\gamma_{1}^{-1}\zeta_{i}D_{1}(|\zeta|)\partial_{i}P_{I41}+\zeta_{i}^{\vee}\zeta_{j}\zeta_{k}D_{2}(|\zeta|)\partial_{j}\partial_{k}u_{iH0}-\zeta_{i}\zeta_{J}F(|\zeta|)\partial_{i}\partial_{j}\tau_{H0}$. (8c)




$Q_{iH1}=- \frac{5}{4}\gamma_{2}\partial_{i}\tau_{H0}$ , (9b)
$Q_{iH2}=- \frac{5}{4}\gamma_{2}\partial_{i}\tau_{H1}+\frac{\gamma_{3}}{2}\triangle u_{iH0}$ , (9c)
$Q_{iH3}=- \frac{5}{4}\gamma_{2}\partial_{i}\tau_{H2}+\frac{\gamma_{3}}{2}\triangle u_{iH1}$ . (9d)
$B,$ $D_{1},$ $D_{2},$ $F$ :




. $\gamma_{1},$ $\gamma_{2},$ $\gamma_{3}$ :
$\gamma_{1}’=I_{6}(B)$ , $\gamma_{2}=2I_{6}(A)$ , $\gamma_{3}=I_{6}(AB)=5I_{6}(D_{1})+I_{8}(D_{2})=-2I_{6}(F)$ .
$I_{7l}(Z)= \frac{8}{15\sqrt{\pi}}\int_{0}^{\infty}z^{n}Z(z)\exp(-z^{2})dz$ . $\gamma_{1}\sim\gamma_{3}$
. , BKW [7, 8] $\gamma_{1}=\gamma_{2}=\gamma_{3}=1$ ,
$\gamma_{1}=1.270042$ , $\gamma_{2}=1.933384,$ $\gamma_{3}=1.947906$ .
3.2
32.1 I( )
$[9_{f}10,11,12]$ . , ,
( ) , $F^{I}$
$F^{I}=12\pi\gamma_{1}a_{4}\epsilon^{3}+o(\epsilon^{3})$ , (10)
. $a_{4}$ $B$ 1 .
3.2.2 II ( )
, $[$ 10, 13]
. , $u_{iH0}^{II}$ , $u_{iH1}^{II}$ , $\tau_{H0}^{II}$ , $\tau_{H1}^{II},$ $\tau_{FI2}^{II}$ 2:
$\tau_{H0}^{II}=0$ , $\tau_{H1}^{II}=0$ , $\tau_{I\{2}^{II}=6d_{4}r^{-}2$ $\cos\theta$ , (lla)
2 $[$ 13 $]$ , BKW $d_{4}^{*}=-4d_{4}$ , $d_{4}$ $d_{4}^{*}$
. .
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$u_{L}^{\ovalbox{\tt\small REJECT}_{H0}}=(1-\frac{3}{2}r^{-1}+\frac{1}{2}r^{-3})\cos\theta$ , $u_{\theta H0}^{II}=-(1- \frac{\mathfrak{Z}’}{4}\uparrow^{-1}-\frac{1}{4}r^{-3})\sin\theta$ , $u_{\varphi H0}^{II}=0$ , (llb)
$u_{rH1}^{II}=- \frac{3}{2}k_{0}(r^{-1}-r^{-3})\cos\theta$ , $u_{\theta Ii1}^{II}= \frac{3}{4}k_{0}(r^{-1}+r^{-3})\sin\theta$ , $u_{\varphi H1}^{II}=0$ . (llc)
$x_{1}$ $(r, \theta, \varphi)$ . $\theta$ , $\varphi$




, $A(|\zeta|)$ , Hilbert (8) $\langle\zeta_{i}\zeta_{1}A\phi_{H0}\rangle,$ $\langle\zeta_{i}\zeta_{1}A\phi_{H1}\rangle$ ,
$\langle\zeta_{i}\zeta_{1}A\phi_{H2}\rangle$
$\langle\zeta_{i}\zeta_{1}$ $A$ $\phi_{H0}\rangle=\frac{5}{4}\gamma_{2}\tau_{H0}\delta_{i1}$ , (12a)
$\langle\zeta_{i}\zeta_{1}A$ $\phi_{H1}\rangle=\frac{5}{4}\gamma_{2}\tau_{H1}\delta_{i1}-\frac{1}{2}\gamma_{3}(\partial_{1}u$ $0+\partial_{i}u_{1H0})$ , (12b)
$\langle\zeta_{i}\zeta_{1}$ $A$ $\phi_{H2}\}=\frac{5}{4}\gamma_{2}\tau_{H2}\delta_{i1}-\frac{1}{2}\gamma_{3}(\partial_{1}u_{iH1}+\partial_{i}u_{1H1})+\frac{1}{2}\gamma_{3}\partial_{1}\partial_{i}\tau_{H0}$ , (12c)
, (9) , (6) (11) II Hilbert
1 2 $\epsilon$ 3
. Hilbert , Knudsen ,
.
(11) (12) (9) $|x|=r$ $\langle\zeta_{n}\zeta_{1}A\phi_{FIm}^{II}\rangle$ $(m=$
$0,1,2)$ $Q_{nHn\iota}^{I1}(m=0,1,2,3)$ :
$\langle\zeta_{n}\zeta_{1}$ $A$ $\phi_{H0}^{II}\rangle|_{|x|=r}=0$ , (13a)
$\langle\zeta_{n}\zeta_{1}A\phi_{Ii1}^{1I}\}|_{|x|=r}=\frac{3}{2}\gamma_{3}\frac{\cos^{2}\theta}{r^{2}}+O(r^{-4})$, (13b)
$\langle\zeta_{n}\zeta_{1}$ $A$ $\phi_{H2}^{II}\rangle|_{|x|=r}=\frac{3}{2}\gamma_{3}k_{0}(1-5\frac{\gamma_{2}}{\gamma_{3}}\frac{d_{4}}{k_{0}})\frac{\cos^{2}\theta}{r^{2}}+O(r^{-4})$ . (13c)
$Q_{nH0}^{II}|_{|x|=r}=0$ , $Q_{nH1}^{II}|_{|x|=r}=0$ , (14a)
$Q_{nH2}^{II}|_{|x|=r}=- \frac{3}{2}\gamma_{3}r^{-3}\cos\theta$ , (14b)
$Q_{nFI3}^{II}|_{|x|=r}=- \frac{3}{2}\gamma_{3}(k_{0}+10\frac{\gamma_{2}}{\gamma_{3}}d_{4})r^{-}3$ $\cos\theta$ . (14c)
44
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, I , $F^{I}$
(10) . , II
(6) , $F^{I}$ (15) .
(10) (15) $F^{I}$ .
, (6) .
(10) (15) $a_{4}$ $d_{4}$
$a_{4}= \frac{5}{2}\frac{\gamma_{2}}{\gamma_{1}}d_{4}$ (16)
. , .
[4, 6] , ( ) BKW
, $a_{4}$ $d_{4}$
$a_{4}=0.27922$ , $d_{4}=0.11169$
. BKW $\gamma_{1}=1,$ $\gamma_{2}’=1$ , (16)
.
Boltzma$|nn$ , $a_{4}$
[12] , $cl_{4}$ . (16) ,
7
45
$a_{4}$ 0.1547 0.0700 0.0330$\overline{\overline{d_{4}0.040880.01850.00872\alpha 0.50.751}}$
1:Maxwell $a_{4}$ (16) $d_{4}$ ( ).
$d_{4}$ . , ,
, .
, $\gamma_{1}=1.270042,$ $\gamma_{2}=1.933384$ , [12]
$a_{4}$ 1 . Maxwell
, $\alpha$ $(\alpha=0$ , $\alpha=1$
).
1 $d_{4}$ , BKW 1






(i) $\mathcal{L}$ $\zeta$ :
$\mathcal{L}(\Phi)^{-}=\mathcal{L}(\Phi^{-})$ for any $\Phi$ .
$\Psi^{-}(x,$ $\zeta)\equiv\Psi(x,$ $-\zeta)$ .
(ii) $\mathcal{L}$ :
$\langle\Phi \mathcal{L}(\Psi)\rangle=\langle\Psi \mathcal{L}(\Phi)\rangle$ for any $\Phi$ and $\Psi$ .
$\langle\rangle$ [ (4) ].
$($ iii) $\mathcal{L}(\Phi)=0$ $\Phi$ 1, $\zeta$ , $|\zeta|^{2}$ , .
(iv) $\mathcal{L}$ :
$\langle\Phi \mathcal{L}(\Phi)\rangle\leq 0$ for any $\Phi$ ,
$\Phi$ 1, $\zeta$ , $|\zeta|^{2}$ , .
, $R$ :
1. $\zeta_{?\iota}>0$ , $\zeta_{n}^{*}<0$ , $|x|=1$




3. $\varphi=c_{0}+c_{i}\zeta_{i}+c_{4}|\zeta|^{2}$ $(c_{0}$ , ci, $c_{4}$ : $\zeta$ . $\varphi$ ,
$\varphi E(\zeta)=\int_{\zeta_{l1}^{*}<0}\frac{|\zeta_{n}^{*}|}{|\zeta_{n}|}R(\zeta^{*}, \zeta;x)\varphi^{*}E^{*}d\zeta^{*}$
$\varphi=c_{0}$ .
4. $\zeta_{n}>0,$ $\zeta_{n}^{*}<0,$ $|x|=1$
$|\zeta_{n}^{*}|R(\zeta^{*}, \zeta;x)E(\zeta^{*})=|\zeta_{n}|R(-\zeta, -\zeta^{*};x)E(\zeta)$
.




















$S_{ijH\ell}=-(\partial_{j}u_{iHl}+\partial_{i}u_{jHp})$ , $G_{jH\ell}=-\partial_{i}\tau_{H\ell}$ , $(l=0,1)$ ,
47
$(2kT_{0}/7n)^{1/2}u_{w\iota}$ , $T_{0}(1+\tau_{w})$ , $n_{i}$
$\rangle$
$t_{i}$ . , $\overline{\kappa},$ $b_{ij}$ , $\kappa_{1}/L$
$A_{2},/L$ 3, $l_{i}$ $rn_{i}$
$\overline{\kappa}=\frac{1}{2}(\kappa_{1}+\kappa_{2})$ , $\kappa_{ij}=\kappa_{1}l_{i}l_{j}+\kappa_{2}m_{i}m_{j}$
. $k_{0},$ $K_{1},$ $b_{1},$ $b_{2},$ $a_{1}\sim a_{6},$ $d_{1},$ $d_{3}\sim d_{5}$ .
, BKW
Boltzmann .
$k_{0}=-1.01619$ , $K_{1}=-0.38316$ , $d_{1}=1.30272$ ,
$a_{1}=0.76632$ , $a_{2}=0.50000$ , $a_{3}=$ -0.26632,
$a_{4}=0.27922$ , $a_{5}=0.26693$ , $a_{6}=-0.76644$ ,
$b_{1}=0.11684$ , $b_{2}=0.26693$ , $d_{3}=0$ ,
$d_{4}=0.11169$ , $d_{5}=1.82181$ ,
$k_{0}=-1.2540$ , $K_{1}=-0.6465$ , $d_{1}=2.4001$ ,
$a_{4}=0.0330$ , $b_{1}=0.1069$ , $b_{2}=0.4779$ .
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